We have Isolated from a AgtlO cDNA library a clone AGTH4 which encodes a human liver glutathione S-transferase Hj, subunit, designated as subunit 4. Expression of this cDNA in £. coll and subsequent purification and immunoblotting analysis provided a definitive assignment of a structure and function relationship. RNA blot hybridization with human liver poly(A) RNA revealed a single band of -1200 nucleotldes, comparable in size to the rat brain Y b 3 mRNA. Divergence analysis of amino acid replacement sites in subunit 4 relative to the four rat Yj, subunits revealed that it is most closely related to the brain-specific Y b 3 subunit. This conclusion is further substantiated by the nucleotide sequence homology between AGTH4 and the t^J cDNA in their 3' untranslated region. In situ chromosome mapping has located this glutathione S-transferase gene in the region of p31 on chromosome 1. Results from many laboratories, including ours, indicate that the human glutathione S-transferases are encoded by a gene superfamily which is located on at least two different chromosomes.
INTRODUCTION
The GSH S-transferases (GST, EC 2.5.1.18) are a family of dimeric proteins that are multifunctional in drug biotransformation and xenobiotics metabolism. High multiplicity of GST isozymes with overlapping substrate specificities is required to detoxify a multitude of xenobiotics in addition to serving other important physiological functions, such as protection against peroxidative damage (for a recent review, see ref. 1).
extrahepatlc tissues (1, (13) (14) (15) . Genetic polymorphism of GST expression has been observed and confirmed at the GSTj locus, one of the three better characterized loci, which encodes some of the near neutral human GSTs (15) (16) (17) (18) (19) , reported earlier as H b (u) cla88 8ubunlt ( s ) (10, 11) . We have previously established the sequence and immunological relationship between the human H a and rat Y a subunits (11, (20) (21) . The relationship between the H b (y) and Y b subunits has not been thoroughly investigated, however. In this communication, we report on the characterization of an H b class cDNA by sequencing, RNA and DNA blot analysis, and expression in Z. coll, as well as its chrooosomal localization by in eltu hybridization.
MATERIALS AND METHODS

Materials
Nucleotides, dNTPs and ddNTPs, and the plasmid expression vector pKK223-3 were obtained from Pharmacia L.K.B. Biotechnologies Inc. (Milwaukee, WI).
[a- 32 ?] dCTP (sp. act. 3200 Ci/mmol) was purchased from New England Nuclear were prepared from a single male human liver sample (11) . The DNA for the genomic blot hybridization was prepared from a human placenta. The nick translation kit was purchased from BRL (Gaithersburg, MD). The GENECLEAN kit for DNA fragment isolation was purchased from BiolOl (San Diego, CA).
Purified human liver GSTs and antisera raised against them were prepared as described previously (11) .
DNA sequencing and other manipulations
Phage DNA preparation, aubcloning, library screening with DNA probes, restriction enzyme digestions, and gel electrophoresis were all performed essentially as described in Maniatls et al. (22) . DNA sequence analysis was performed by the dideoxy chain-termination method (23) with [a- 35 S]dATP (24) and M13 mpl8 and M13 mpl9 subclones (25) . RNA blot hybridizations with rat and human liver poly(A) RNAs were carried out as previously described (11, 28) .
DNA sequence homology was performed using the Dot Matrix Program of Zweig (26) . Divergence calculations were done with DIVERGE by Perler et_ j^L (27) .
The programs were run on an IBM PC-AT.
Expression of the pGTH4 cDNA pKK223-3 based clones containing the EcoRI insert in the correct orientation In _E. coli JM105 were designated as pGTH4-KK, clones of opposite orientation were designated as pGTH4-KK'. An overnight culture was diluted 1:100 into LB media (50 ml) containing ampiclllin (100 pg/ml) and streptomycin cpm/ug.
RESULTS AND DISCUSSION
Isolation and characterization of pGTH4
We have screened a human liver Xgtll cDNA library using the cDNA insert Of the 38 amino acid changes in subunit 4 relative to the rat Y^j sequence, only 12 residues are not of similar polarity. This is consistent with the lowest percentage divergence (9.7Z) at replacement sites among all the H[,-Yij pairwise comparisons (Table 1 ). If we assume that the 3' untranslated region has been free of selective pressure, the sequence conservation in this region (Fig. 6 ) convincingly demonstrates that the gene encoding human subunit 4 is orthologous to the rat Y|J3 g ene sequence, whose expression is predominantly in rat brains (35, 36, 38) .
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The percent divergence anong all the H^-Yb pairwise comparisons is considerably lower than the pairwise comparisons of H a -Y a or H a -Y c (Table 1 and refs. 20, 21) . The reason why the H^-Y^ family of GSTs has diverged less is not clear at present.
GST zymograms from a biochemical genetic study involving liver samples from 179 individuals from three racial groups have been reported (16) . It was suggested that a common null allele exists at the GSTj locus (encoding H b or \i class subunits) at a relatively high frequency in the Caucasian, Chinese, and Indian populations studied. Analysis of affinity chromatography-purifled liver GSTs from several individuals revealed the presence of multiple H b (p)
class subunits in some and the absence of them in others (10, 19) . It is possible that our male Caucasian liver sample ie either homozygous for subunit 4 or a heterozygote containing one null allele on one chromosome 1. We also know that this same individual has two different H a genes at 6pl2 encoding subunits 1 and 2 (20, 21, 39) . Thus, the H a and H b subunits are products encoded by two different gene families located on two different chromosomes.
There is a detectable level of nucleotlde sequence homology between XGTH4 and XGTH1 (H a ) cDNAs only within regions encoding amino acids 63 to 97 of the H b subunit. This region contains 45Z amino acid sequence identity relative to the Hg subunit, thus suggesting functional conservation for GST activities. The human GST-n deduced amino acid sequence (40) , upon optimal alignment with the H b sequence, shows approximately 28% amino acid identity.
Given the sequence similarities between these three classes of human GSTs, and also considering the many reports on the purification of multiple GSTs in man (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) , it is most probable that human GSTs are products of a gene superfamily, similar to the genes encoding rat GSTs.
